A series of 442 women receiving subarachnoid block for various obstetrical procedures is described. These included caesarean section, instrumental delivery, manual removal of placenta, insertion of cervical suture and miscellaneous procedures. General anaesthesia was required in ten patients because subarachnoid block proved to be unsatisfactory. There were no serious complications. The overall headache rate, ascertained by daily direct questioning during hospital admission, was 26.2%. Clinical features of dural puncture headache (DPH) were present in 8.6% and equivocally so in a further 3.4%. A significantly higher incidence of DPH was recorded among patients receiving a cervical suture. Among the thirty-eight patients who developed DPH, a 25 or 26 S WG spinal needle had invariably been used and in most instances the procedure was described as being uneventful. There were no consistent technical features among the patients who developed DPH, although operator experience may have been a factor. DPH was graded as 'severe' in ten patients (2.3%) and an epidural blood patch was rapidly curative in each of these cases. One patient required a repeat patch. Subarachnoid block proved to be a satisfactory technique for the procedures outlined in the survey. It proved to be particularly valuable when anaesthesia was required urgently in the delivery suite and may even be regarded as the anaesthetic of choice in these circumstances.
headache, Crawford II still reported an occurrence of 16.3070, even with a 23 or 25 SWG needle. Such headache may be very severe and distressing to the patient and it is not altogether surprising therefore that SB has fallen into disfavour.
The current lowly status of SB in obstetric practice may be contrasted to that of epidural analgesia. In the author's institution there are approximately 3500 deliveries per year, of which some 60070 receive epidural analgesia. And yet there are occasions when epidural analgesia (EDB) is either unsuitable or is found wanting. For example, EDB is not suitable when anaesthesia is required urgently. It may also be unsatisfactory when the degree and spread of neural blockade is inadequate. The sacral nerve roots in particular may be spared following EDB. On these occasions there are two outstanding properties of SB. First, it can be performed quickly as well as providing a rapid onset. And second a dense block of the lower birth canal and perineum can be assured.
These two qualities of SB are especially valuable when urgent instrumental delivery is required and it would seem to be a viable alternative to other commonly employed methods, such as pudendal block, epidural and caudal block, or general anaesthesia. A third advantage of SB over other regional techniques is the negligible degree of circulatory uptake and absence of risk therefore of developing systemic toxicity.
The current position of SB for caesarean section (CS) is more controversial. For some years I have used a combination of EDB and SB for elective CS. The rationale for this combined approach has been described elsewhere, 12, 13 but is based on the conviction that SB provides a spread and quality of blockade (especially of the lumbo-sacral nerve roots) which cannot always be achieved with the epidural route alone.
The impression had also been gained that the incidence of headache using this technique was negligible. Since the majority of these patients also received incremental epidural doses of bupivacaine or pethidine for up to forty-eight hours postoperatively, this raised the interesting possibility that prophylaxis against dural puncture headache was thereby being provided.
Anaesthesia and Intensive Care, Vol. 12, No. 4, November, 1984 For these reasons, it seemed timely to reexamine the role of SB in contemporary obstetric practice and to determine in particular the incidence and severity of iatrogenic headache. Detailed records were therefore maintained of all patients who received SB in this hospital for women.
PATIENT SELECTION AND METHOD
During the period of review, a separate record was maintained of all patients who received SB. All blocks were performed by myself or by a trainee anaesthetist on rotation to the hospital within the South Australian Teaching Hospital Scheme. Trainees were encouraged to consider SB as an alternative method of anaesthesia in certain circumstances. These included procedures such as elective CS (combined with epidural block), urgent instrumental delivery, retained placenta, insertion of cervical suture and repair of cervical or perineal lacerations.
In all cases, the decision to perform SB was left entirely at the discretion of the anaesthetist and with the patient's concurrence.
The technique is briefly described as follows. First, an intravenous 'pre-Ioading' infusion one litre of Ringer's lactate solution was administered. An epidural catheter was then inserted at the LI-2 interspace and a 2.0 ml test dose given with the patient in the lateral position. This was followed by SB at L 3 -4 using a 25 or 26 SWG spinal needle via an introducer and 1.5 to 2.0 ml hyperbaric local anaesthetic agent was injected slowly. The spinal needle was then removed, the epidural catheter taped down, and the patient then tilted to the opposite side while the development of neural blockade was monitored. A spread to T4 was aimed for, and if this had not developed after 10 minutes, incremental doses (3-5 ml) of lignocaine 2070 or bupivacaine 0.5070 were injected via the epidural catheter until satisfactory anaesthesia for surgery was achieved. Blood pressure was measured frequently and symptoms suggesting of hypotension (e.g. nausea, faintness) were treated with intravenous incremental doses of ephedrine (5-10 mg).
. Employment of fine disposable spinal needles (25 or 26 SWG) via a 22 SWG introducer needle was encouraged. The local anaesthetic agents available were cinchocaine 0.5070 in dextrose 6070 and lignocaine 5.0070 in dextrose 7.5070. The position of the patient during performance of the block, the dose, and speed of injection were all left to individual preference.
The following information was recorded separately for each patient: indication for SB, gauge of spinal needle used, position of the bevel in relation to the dural fibres, number of attempts, and the degree of adequacy for the procedure. Any untoward events occurring during the SB were also recorded.
After the surgical procedure had been completed, patients were allowed to sit up if they wished and no restrictions were placed on the patient once normal sensation and mobility had returned.
Throughout the period of hospital admission patients were seen, usually daily, by myself or, in my absence, by the anaesthetic registrar. On each visit the patient was asked the following question in a standard manner, q.v. 'Have you had a headache since J last saw you?' and the answer was recorded. In the event of an affirmative reply, the features of the headache were defined, taking account of the following: position, character and severity of headache, aggravating and relieving factors, and the presence of any associated symptoms such as nausea, or disturbance of vision or hearing.
From these symptoms, the most likely cause of headache for each patient was determined and categorised as follows: (a) Coincidental -where the headache was described as being similar to previous headaches and not influenced at all by posture. Or where some clear pathology was present which would readily explain the symptoms. (b) Spinal -whenever a postural relationship existed. Onset, duration, severity and outcome were noted as well as the degree of disturbance to the patient's routine and well-being. (c) Equivocal -where it was difficult to determine from the history whether the headache was of spinal origin or not.
In the case of spinal headache (category b), the severity was graded according to the following three categories:
(a) Mild, where the patient remained ftilly mobile and suffered no inconvenience. (b) Moderate, where some inconvenience was caused and the patient regarded her headache as a significant nuisance. (c) Severe, where headache was sufficient to interrupt normal activity. Although such a classification is loose and subject to observer-bias, it was felt to be a realistic one. The opinions of nursing staff as well as the patient herself were sought before deciding which category was the most appropriate.
Patients who were inconvenienced by headache were offered an epidural blood patch, as described previously. 14 
RESULTS
Four hundred and forty-two patients were included in the survey. The indications for SB are summarised in Table 1 . Some of the anaesthetic details are now described under these headings.
Caesarean section
Six patients (2070) in the survey required or requested a supplementary general anaesthetic (GA) during the procedure either because the block was unsatisfactory or because of distress. Two further patients developed a 'high block' (to T \) which was a temporary source of alarm, but they responded satisfactorily with supportive therapy and reassurance.
Apart from these eight cases, the conditions for surgery were regarded as satisfactory. Seven patients who required an emergency CS, and who had already received an EDB in labour, were judged to have an unsatisfactory block for surgery. Instead of persisting with the epidural route in these cases, SB was performed and good analgesia was achieved.
Postoperatively, epidural pethidine (50 mg in 10 ml saline, David Bull Laboratories, Melbourne) was given on a patient-demand basis as the principal source of analgesia for 48 hours postoperatively.
Instrumental delivery
The main indication for SB in this group was to provide anaesthesia for urgent instrumental delivery in patients who did not already have an EDB or in whom sacral nerve root blockade was unsatisfactory (6 cases). A further patient had already received an ineffectual pudendal block and caudal block -both performed by an obstetrician.
Conditions for delivery were satisfactory in all but one patient who required a GA. A rotational forceps (Kielland) was performed in 42070 and a non-rotational forceps delivery in l3070, while the remainder were unspecified. In six patients, instrumental delivery was not possible due to disproportion, and therefore CS was performed. Manual removal of placenta SB was accepted by the majority of patients in preference to GA for this procedure, and was satisfactory in 94070 of cases. Two patients required GA and a further two received supplementary intravenous fentanyl and diazepam because of discomfort. One patient developed a high block (Cs) after receiving l.6 ml of lignocaine 5070 but did not require ventilatory support.
Breech/forceps delivery
Again SB was provided in this group when there was insufficient time for an EDB to be performed. There was a preponderance of premature labours, and in three patients it was decided to proceed to CS following an obstetric vaginal assessment. One patient received SB for malpresentation of the second twin.
Miscellaneous obstetric procedures
This group included six cases of third degree or cervical tears and two of perineal haematomas. SB provided ideal conditions for surgery on each occasion. A further patient who developed post partum inversion of the uterus improved rapidly following SB and manual replacement of the uterus.
Cervical suture
Conditions were satisfactory in all patients who accepted SB for this procedure.
HEADACHE
The incidence of headache broken down into the various groups is indicated in Table 2 .
A quarter of the patients therefore admitted to a headache at some time or other during their period of admission. In approximately twothirds of cases, the character of the headache was clearly unrelated to the SB as judged by the clinical features, a clear alternative diagnosis, and by the patient's own opinion. Examples included transfusion reaction, severe preeclampsia, migraine, pyrexia, sinusitis, neck injury, salbutamol infusion, dental abscess, osteoarthritis and influenza. Many patients insisted that their headache was related to such things as anxiety or fatigue.
Twelve per cent of patients had or may have had a headache related to SB. It should be stressed that any headache which had a postural component was put into the spinal or 'equivocal' category -irrespective of the severity. There were certain differences in the relative distribution of presumptive diagnoses between the groups, as illustrated in Figure 1 . Log-linear modelling was applied to the data using the computer package GUM (Royal Statistical Society, London) to determine whether the incidence of spinal headache differed among procedures. The incidence of those who did develop spinal headache was compared with those who did not in each category. The only significant deviance from the independence model was in the cervical suture group which showed a significantly higher incidence of spinal headache.
Thirty-eight patients were therefore diagnosed as having a dural puncture headache. The onset of headache occurred at least 24 hours after SB and in one case it occurred on the seventh day.
Either a 25 or 26 SWG spinal needle was employed in all cases except on one occasion when a 22 SWG needle was used following three failures with a 25 SWG needle. On most occasions (i.e. 30 cases) a single puncture of the dura was recorded. It was not always possible to determine the position of the needle bevel relative to the longitudinally-directed dural fibres. There were at least five occasions when the needle bevel was at right angles to the fibres: on the other hand there were many more occasions when the bevel definitely was parallel and location of the subarachnoid space was trouble-free. There appeared to be therefore no consistent pattern of technical difficulties in relation to the development of dural puncture headache.
It is possible that some other undetermined factors related to operator experience were present, however, since 27 of the SBs that developed spinal headache were performed by registrars (i.e. 75%) and the remainder by myself.
While a possible incidence of spinal headache of twelve per cent may appear high, it is of course the severity of headache which is of real importance in assessing the degree of morbidity attached to SB. This is shown in Table 3 .
Only 10 out of the 38 patients developed a severe dural puncture headache (i.e. an overall incidence of 2.3070). The highest incidence occurred among patients receiving SB for cervical suture and miscellaneous obstetric procedures. Severe headache following CS was less than one per cent and there were no cases following delivery of breech and twins. The number of patients developing severe spinal headache was too small for statistical analysis.
The ten patients in this survey who developed severe headache received an epidural blood patch. In all cases the epidural space was located at the same interspace as the presumed dural puncture and 10 ml blood -collected under sterile conditions -injected slowly, as described previously. 14 The blood patch produced dramatic relief of symptoms usually within two or three hours. One patient had a sudden return of headache 15 The essential question, as in all medical practice, is whether the advantages outweigh the disadvantages.
The advantages of SB were well demonstrated in this survey. There were occasions when alternative procedures would all have had limitations or have introduced potential risk. An outstanding example of the value of SB was when urgent delivery was required. In these circumstances there are three alternatives to SB, i.e. general anaesthesia, pudendal block plus infiltration, or caudal block -and it is worth considering the pros and cons of each of these in turn.
Confidential enquiries into maternal deaths l6 indicate that the first alternative, general anaesthesia, in the labour ward is fraught with danger and should be avoided whenever practicable. Such patients, who have already been in labour for some time, are particularly liable to regurgitation. The anaesthetist furthermore may be in unfamiliar surroundings and under pressure to provide anaesthesia without delay. The assistance -if any -given to the anaesthetist may be unskilled, and it is all too easy in these circumstances to inadequately assess the patient and to not check equipment thoroughly.
The second alternative, pudendal block, is very inefficient and in one report 62"70 of patients requiring instrumental delivery experienced severe pain. 17 This is hardly surprising in view of the high failure rate attached to pudendal block. 18 And finally, caudal block may be considered but there are drawbacks also to this technique: The onset time to produce analgesia is longer compared with SB; there appears to be a significant failure rate; and there is always a risk of developing systemic toxicity. This latter complication may not only be lethal (and one such death was described in the most recent Australian Report on Maternal Deaths 19) but may cause morbidity in the neonate. 20 No such risk exists with SB.
The majority of patients requmng instrumental delivery in this series were already in distress during either the transitional or second stage of labour. The onset of analgesia following SB was so rapid and profound that these patients could be placed in the lithotomy position ready for delivery immediately afterwards. SB was therefore extremely useful when urgent delivery was required and the technique soon received the approval of obstetrical and nursing staff.
The intrinsic quality of SB analgesia was also evident in patients who required manual removal of the placenta or repair of trauma to the perineum or lower birth canal. Providing the block extended to T [0, operating conditions were perfectly satisfactory.
During the survey period employment of general anaesthesia in the labour ward fell dramatically. This trend can be welcomed not only on the grounds of greater safety but also because SB allowed the mother to remain alert and awake during this important peripartum period. Patient satisfaction was accordingly high.
The relative merits of SB versus EDB for elective CS are more debatable. Undoubtedly, there are problems associated with SB.12,21 First, it is extremely difficult to regulate the upper limit of neural blockade and to steer between the Scylla of too-low and the Charybdis of toohigh a block. Thus, a block below T 6 may be unsatisfactory for surgery, while spread above T 4 may cause respiratory embarrassment, symptoms of hypotension and alarm to the patient. These symptoms furthermore can occur very rapidly. It is most important therefore that hypotension is treated promptly with intravenous ephedrine. This agent in 5-10 mg incremental doses has proven to be a most effective remedy, although prehydration and absolute avoidance of the supine position are of equal importance. Ephedrine has also been demonstrated to improve uterine perfusion in the presence of hypotension consequent to autonomic blockade. 22 A second disadvantage of SB is the prolonged duration of neural blockade, particularly with cinchocaine. In my opinion, however, this is very seldom a source of patient concern or distress. By way of contrast to these relative disadvantages there remain certain tangible gains of SB over EDB for CS. These are: a predictable and profound degree of sacral nerve root blockade and a negligible circulatory uptake of local anaesthetic agent. While the epidural route alone may admittedly be quite satisfactory for CS (albeit requiring large doses and often considerable patience),23,24 I believe that the combined approach is more consistently reliable and can be achieved more expeditiously.
Although six patients (2070) required or requested general anaesthesia, it was only in two cases that this could be definitely ascribed to inadequate anaesthesia. In the remainder, general anaesthesia was induced for reasons of panic, restlessness or 'temperamental unsuitability'. The provision of regional anaesthesia for CS is a major undertaking requiring not only technical skill but development of rapport with the patient. These aspects can only be learned by experience and it is pertinent to point out that almost half of the patients in this survey and all those who required GA were managed by trainee anaesthetists. For the great majority of patients, however, it is felt that SB added substantially to the quality of anaesthesia for this operation. It should be stressed nevertheless that SB is not advocated as the sole technique but rather that it should be regarded as a lumbosacral 'foundation block' for elective CS.
SB also proved to be valuable among those patients requiring CS who already had an epidural catheter in situ but had either a unilateral block or insufficient spread to the sacral nerve roots. A supplementary SB provided efficient analgesia on each of these occasions and seemed to be preferable to pe'rsevering with the epidural route.
Apart from headache, there were no other neurological sequelae which occurred during this survey. Headache is a common symptom and it was not surprising therefore that as many as a quarter of the patients admitted to having a headache at some time or other while in hospital ( Table 2 ). The reported incidence of a symptom such as headache naturally depends upon the diligence of the investigator and would be expected to be higher in a survey which included direct daily questioning. It is of interest therefore that the incidence of headache found here was exactly the same as that reported by Grove. 25 Postdural puncture headache remains a major objection to SB. This survey deliberately set out to seek its incidence in the worst possible light. Ideally, such a scheme would have utilised an independent observer to collect the information. Unfortunately, this was not feasible and I felt it was important to record the clinical features of each headache in order to reach a firm diagnosis. Usually, a dural puncture headache has clear diagnostic features, as described previously,14 and while every attempt to avoid observer bias was made, this could not be excluded entirely.
Using the simple classification outlined in the survey, the overall incidence of dural puncture headache was between 8.6% and 12% (i.e. if the 'equivocal' category is also included). This figure is similar to that quoted by PhiliplO and approaches Crawford's incidence of 16.3%, although the number of attempts were not recorded in the latter survey. 11
Patients who received SB for cervical (Shirodka) suture had a much higher incidence of dural puncture headache. This was surprising in view of the fact that these patients usually continued with bed rest for several days afterwards.
An overall incidence of dural puncture headache of 12% (at the worst estimate) may appear discouraging. But of course it is the severity of headache which really matters. Only ten patients actually developed a severe headache: the remainder being described as mild or moderate and repesenting a minor inconvenience only. These ten patients were rapidly relieved of headache following an epidural blood patch -and, if anything, the improvement seemed to be even more dramatic than among patients who had had an accidental dural puncture with an epidural needle reported previously.14 Perhaps this reflects the much smaller needles employed for SB in this survey.
Another objection sometimes raised towards SB is the necessity to keep the patient flat in bed for 24 hours or so afterwards. No such restriction applied to patients in this survey and this practice seems therefore to be quite unnecessary. Patients having a vaginal delivery were also allowed to bear down if desired.
Several trainees had previously had little experience with SB and many were unaccustomed to using 25 or 26 SWG spinal needles. It was pleasing to note how adept and confident they soon became, and many were surprised to find how easy it was to detect successful dural puncture. A sensitive technique using an introducer needle is essential with such fine needles. It is also important to realise that free flow of CSF may not occur readily and that aspiration may be necessary to confirm proper needle placement. Otherwise it is possible that repeat dural punctures may be performed and yet not be recognised. Caution is also required with respect to patient posture and speed of injection.
The height and rapidity of onset of block was sometimes surprising. This was usually related to rapid injection. It is important that injection is performed slowly (i.e. over one minute) with the table in the head raised position in order to limit the height of blockade.
Fine-gauge spinal needles may be deflected from a straight course by the bevel of the needle. 26 Such needle deviation increases with the distance of travel through the tissues and can be lessened by using an introducer. It has also been suggested that a pencil-point needle would not only eliminate needle deflection 26 but also reduce the incidence of headache. 27 Unfortunately, such needles are not readily available. Using the bevelled needles employed in this survey, it is preferable that the bevel should enter the dura longitudinally in order to part the dural fibres rather than cut across them. For reasons not entirely clear, morbidity related to SS in this report did seem related to operator experience and it may be therefore that the more subtle details of technique can be improved with practice.
In conclusion, this survey has demonstrated that SB is a viable alternative to other anaesthetic techniques commonly employed in obstetrics. It is particularly valuable when urgent anaesthesia is required for obstetric procedures in the labour ward and offers advantages for caesarean section when combined with EDB. The incidence of postdural puncture headache is acceptably low when fine-gauge spinal needles are employed. Spinal anaesthesia does not deserve to remain in the doldrums in obstetrical practice.
